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Flexible Add/drop multiplexer module 

Polatis 28 May 2004 

Abstract: 

A multi frequency channel blocker/attenuator using piezo actuators, and an 
enhancement to enable add /dropping of individual wavelengths directly to 
transponders. 



Prior art: devices that spread light from a fibre into different frequency components 
via a diffraction grating, modulate the intensity of each component using either a LCD 
array or a linear array of tilting mirror elements, re-image the spectrum back off the 
diffraction grating into another fibre. (Lucent , ECOC 2002, Dr Roland Ryf) 
(Corning "Pure path" blocker) 

Blocker attenuators made in this manner need several other active optical elements to 
make a complete flexible add drop multiplexer equipment, as they either just block 
beams, or form a 1 by 2 or two by two switch for each wavelength( ref Network 
Photonics) they still need a separate filter for each detector, which needs to be tunable 
for a fully flexible system. 

What we describe here is a system where each add drop channel is individually 
scanned across the wavelengths spread out from the grating. Thus for example a 
complete 4 channel add/ drop unit can be made with only 4 moveable elements, 
providing all functions of detector channel filtering, through channel blocking, and 
frequency tuned coupling for the add laser in a single module. 

The overall layout of the spectrometer is shown in fig 3, in and out collimators 3 and 
4, collimator mirror 6 (plane, to keep collimators out of the way of their own beams), 
imaging mirror 7 (focal length = distance to grating), grating 5 - low PDL type, 
frequency plane reflective element 1 (which has 3 reflective surfaces: one 
perpendicular to axes of beams at that point and two at 45° to this surface). At mirror 
1, to switch the light from the in / out ports to a pair of add drop ports, the light is 
shifted up or down by one collimator pitch to couple with a different pair of 
collimators eg addl/dropl (10,1 1), add2/drop2 (12/13), add3 drop3(14,15) or add4/ 
drop4 (16,17) stacked vertically above and below 3 and 4. 

This is done by a set of prisms (2, 21,22,23), one for each pair of add/drop ports, 
which translate the light beams periscope fashion (see figs 1 and 2), and the two side 
reflectors in the prism based mirror 1 . Each prism is independently swung across the 
face off mirror 1 by the actuating mechanism to select the desired frequency to be 
added or dropped to that particular pair of ports. A key advantage of using the prisms 
to displace the light is that any tilt, twist, or small displacement up/down or in/out has 
no first order effect on the shifted beam at all. This makes the least demand on the 
actuation structure, which can be optimised for cost, and ruggedness. 

Alternatively the prisms may be replaced by a ID actuator array (9) causing objects 
(or the actuators themselves) to be inserted into the beams at each wavelength by a 



variable amount. This results in a simple blocker architecture with one input, one 
output and variable attenuation for each wavelength. In this version the reflective 
element (1) may be replaced by a simple plane mirror (8). ' 

Actuation is implemented with an enlarged piezo (40) and flexure set (43,44) as per 
GB 0312780, piezos as per GB 2378573, Sensing and control is done via capacitive 
sensing about the swing arms (41), feeding 2D position to the electronic controller as 
in GB 2372834. (all references are Polatis technology) 

Specific embodiment 

Blocker / attenuator. 

Fig 4. 900 line /mm grating, 8x12 mm, at 45 degrees to incoming beam. Collimators 
lmm diameter, 100 mm working distance. Band spacing 500GHz, 8 bands across C 
band, centred at 1550 nm. Distance between gratingS, mirror 1 and the focussing lens 
7 is 200mm, 200mm focal length. Pitch of frequency bands on mirror 1 is 1mm, total 
width 8mm. Beam waist of collimators ~ 350 urn diameter, same as spot size on 
mirror. Angular separation between in and out collimator beams is 15 mrad. 
(separation between collimator centre lines is 1.5 mm) . 

Blocking comb (9) is a piezo bimorph comb, tines 20 mm long, 1 mm pitch, 0.1 mm 
slots between tines, made of two layers of soft piezo ceramic each 0.25mm thick.. 
This is driven in parallel mode with a drive voltage swing of 300V, giving a 
deflection of 0.7 mm at the end of the piezo. The ends of the piezo are within lmm of 
the mirror, mounted at an angle of 15 degrees to the horizontal. Arranged so that the 
end of the piezo moves from 0.25 mm (zero attenuation state) below beam centre to 
0.45 mm above (fully blocked state). 

Performance: loss < 3db open, >50db blocked. 

Enhancement: 

Addition of l A wave plate (31)to front face of mirror, axis aligned at 45 degrees to 
horizontal. This rotates the axis of polaristion 90 degrees between the two passages 
over the attenuating tines (the light passes through the waveplate twice), cancelling to 
first order the polaristion dependant loss created by the tines in the semi blocked state, 
and also cancelling to first order PDL introduced by the grating. 

Further embodiment, incorporating the flexible add drop capability 

Instead of the blocking comb, a set of four piezo driven swing arms move prisms 
across mirror 1. These are lmm x lmm, and displace the beam up or down by 1.3mm 
or 2.6mm to the four pairs of add drop ports. Arms (41) driven by 2D piezo (40) 
through pair of flexures (43,44). See fig. 1 

The two functions (of flexible add drop and variable attenuation) can be combined in 
the same unit,(fig 5) by making all the prism displacements in the same direction, and 
placing the attenuating fingers (9) in front. 
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Front view: 
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